Sand dune migration is documented with a readily-available tool (Google Earth) near Chott El Gharsa, 20 just north-west of Tozeur, Tunisia. As fiducial markers we employ a set of buildings used to portray the 21 fictional city Mos Espa. This set of ~20 buildings over roughly a hectare was constructed in 1997 for the 22 
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essentially enabled by the high resolution of commercial satellite data, and would be at the threshold of 134 detection by the 30 m resolution typical of Landsat or most imaging radars that were the best data 135 freely available in the past. The buildings are nonetheless crucial as fiducial markers in that experiments 136 at other locations show ~20 m jitter in geolocation of many images with the tool used in this study. 137
We can extend the time baseline for migration study with a 10 m-resolution image (Fig. 8 ) from the 138 buildings cannot be resolved, the overall pattern of the set is visible and a useful distance measurement 140 to the dune slipface can be made (14 pixels, +/-1) or 140 m. 141
Inspecting the images in Fig. 7 , we measured the distance from the southern corner of building B duefrom building C due east to the dune yield rather similar results (89 m in 2004, 38 m in 2008, 22 m in 146 2009) . 147
The 2002 ALI imager measurement of 140+/-10 m would be too inaccurate to contribute for a 148 measurement period of just a couple of years, but does appear (Fig. 9 , large white circle) broadly 149 consistent with the trend in subsequent years. 150
Although most of the dunefield is of continuous barchanoid ridges which lack definitive features to track 151 from one year to the next, we have made additional measurements of two other barchans. One we 152 refer to as the 'large' barchan, which lies a few hundred meters due east of the film set and is labelled 153 'E' in Fig. 4 . We measured its position relative to building 'B' over the three years and determined a 154 migration rate of 5.8 m/yr. This dune is visible (just) in the background in Fig. 6 and is commonly used astracks. A second barchan (labelled 'F' in Fig. 4 and 'North Barchan' in Fig. 5 ) is just north of the movie 157 set: we documented its movement by measuring the distance and angle of bearing (again using the 158 Google Earth ruler tool) from building B and computing the east-west coordinate. We obtain a 159 migration rate of 10.8 m/yr. These position data are shown in Fig. 10 We have analyzed wind speed and direction data from Tozeur airport in 2011 to construct a sand rose 176 (Fig. 12) , following the methodology of Fryberger (1979) -note also the caveat by Bullard (1997) on thepotentials have been computed using an assumed threshold speed of 11.6 knots (e.g. Fryberger, 1979) 180 and the resultant drift potential is 236 vector units (formally, these are knots-cubed). From Fig. 92 in  181 Fryberger (1979) the corresponding sand transport is ~25 m 3 /yr, which seems to be lower than that we 182 have observed above. One possible reason for the discrepancy may be a lower saltation threshold than 183 the assumed value of 11.6 knots (i.e. a friction speed of 16 cm/s): the sand composition may be partly 184 responsible, in that gypsum has a lower density than quartz -all else being equal, the threshold would 185 be lower by a factor equal to the square root of the density ratio. 186 187
Migration Rate : Possible factors 188
Dune movement requires that wind exceed the saltation threshold -which depends on particle 189 characteristics but is typically assumed (e.g. Fryberger, 1979) can be considered. First, it may be that a change in wind characteristics is responsible, but this is very 201 difficult to demonstrate given the strongly time-variable character of windspeed (for example, if mostmovement occurs during a few brief but intense storms, the interpreted average migration rate over an 203 interval may depend on the stochastic number of such events within the interval. Thus there may be an 204 apparent variation, even though the underlying long-term transport rate is formally constant). A more 205 straightforward, and perhaps more likely, explanation would be the sand mobility. Damp sand does not 206 saltate as easily, e.g. data summarized by Greeley and Iversen (1984, p.86) Tozeur of some 2750 mm (see also the discussion on precipitation in Tunisia in Bryant and Rainey, 2002) . 214
The additional rainfall likely kept the ground damp or wet for at least a month, although dampening for 215 several months would likely be needed to suppress the annual sand transport appreciably. It is 216 noteworthy that the fiming of the movie was in fact interrupted by a rainstorm (e.g. Bowen, 2005) . 217
Finally, it is possible that the slow-down of the threatening dune (which is not as apparent in the 218 position data of the other two dunes) is spatially-determined rather than temporally-determined. It is 219 possible that the influence of the buildings on the airflow and sand transport may have slowed its 220 migration, and/or is causing the dune to erode. Another factor may be the effects of many tourists 221 walking on the dune; once the dune is close to the film set, the number of tourists climbing the dune 222 might increase. 223
Further observations may elucidate whether the migration rate has significant temporal variability on a 224 year-to-year basis, and/or whether the threatening dune migration is affected by its proximity to the 225 buildings. Should the barchan that forms the focus of this paper overrun the Mos Espa set, many buildings will be 240 temporarily buried. Their rather flimsy construction will mean roofs will likely collapse, degrading the 241 attraction of the site when the dune moves on. This has already been seen at a smaller film set ('Repro 242
Haddada', point 'C' on Fig. 4 , sometimes referred to online as the 'slave quarters'), as documented in 243
Figs. 15 and 16. This structure was overrun by a barchan around 2004, and has been substantially 244 demolished, although it is still an object of pilgrimage by Star Wars fans, who also admire the barchans a 245 few hundred meters to the south, which are prominent in several scenes of the movie. 246
Interestingly, the present barchan threatening the Mos Espa set appears not quite large enough to 247 submerge the whole site, so visitors may still be drawn there. Mitigation measures may also beeffective. However, a field visit in May 2012 indicated that the horn of the barchan is virtually at the 249 shade pavilion, and the slip face just a meter or two from building 'C' -see Fig. 17 . During the revision of 250 this paper in January 2013, an acquaintance of the first author happened to visit the site and took typical 251 tourist photographs -e.g. Fig. 18 -demonstrating the 'citizen science' (e.g. Hand, 2010) potential of the 252 site -the person concerned was not informed a priori of our project nor instructed to take any pictures, 253 yet obtained geomorphologically-useful images. A challenge in interpreting the 'first contact' phase of 254 migration where the slip face approaches the building is that scour may occur adjacent to the structure, 255
forming an echo dune -we have accordingly not interpreted these field images as quantitative 256 constraints on migration rate. However, in future, if the migration proceeds, both field and satellite 257 images may show a trackable slip face relative to recognizable buildings. Within a couple of years, such 258 migration through the set should be obvious. 259
In the long run, Mos Espa is still threatened: the large barchan (big enough to totally submerge the site) 260 looms about 500 m to the east. In fact this dune is often driven over en route to the Mos Espa site, 261
reportedly by ~80% of the visiting vehicles. Although the imminent threatening barchan and other 262 effects may degrade the site on this timescale anyway, at the observed migration rate of ~6 m/yr, this 263 large barchan will begin overrunning the site in about 80 years. 264 265
Discussion 266
The familiarity of the site in a popular movie may give it some appeal in teaching situations for 267 geomorphic change and remote sensing. Consideration of a fictional planet can also stimulate 268 discussion about similar features to those discussed here on other (real) worlds -for example, sand 269 migration and dune movement has now been documented on Mars (e.g. Silvestro et al., 2010; Chojnackiet al. 2011; Hansen et al., 2011; Bridges et al., 2012) , and transient flooding of Titan's surface by 271 (methane) rainfall has also been observed (Turtle et al., 2010) . 272
An outstanding arena for further study is to assess the impact of moisture (and possibly gypsum 273 reprecipitation as a result) on the migration rate. This, however, will require observations of rather 274 higher time resolution than we have been able to derive from available data. The interaction of the 275 migrating dune with the buildings will be interesting to observe in satellite imaging. 276
Given the importance of this site to the tourism industry of Tunisia, it may be that it is a candidate for 277 mitigation measures, not being pursued at present. These could include erecting fences or walls, 278 bulldozing the approaching dune (which would take considerable effort and would have to be repeated 279 with each oncoming dune), or moving the site out of the path of the dunes. There would be some irony 280 in such measures being adopted to protect a science fiction film set : it was exposure to aeolian 281 transport concerns and countermeasures that inspired author Frank Herbert to write a science fiction 282 novel set on a desert world ('Dune') that itself became an epic film. 283 284
Conclusions 285
We have documented, using commercial satellite imaging with ~1m resolution, barchan movement and 286 its possible threat to a popular tourist site in Tunisia. The buildings here, used as a backdrop in the Star 287
Wars movies, act as useful fiducial markers for measuring dune movement. A prominent barchan, 6.5m 288 high, has moved at about 15m/yr over the last decade or so : a possible decline in movement may be 289 due to meteorological variations or possibly the influence of the buildings. A nearby example of dune 290 motion over a smaller set has already shown the potential for dune migration to damage these 291 attractions.
Because visitors often post pictures on the internet that can be found without much difficulty (the 293 search term 'Mos Espa' is effective), often with visit descriptions, it may be possible to continue to 294 monitor the site through the on-the-ground observations of others. Such 'citizen science' field imaging 295 can be a useful complement to the commercial satellite imaging which has readily demonstrated the 296 movement up to this point. by the NASA Cassini project. We thank Stephen Slater for making available his holiday pictures, one of 303 which is shown as Fig. 18 in this paper. Figs. 7 and 16 are courtesy of Google Earth and 304
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